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INTRODUCTION
Tilapia is a generic term used to designate a group of commercially important food fish belonging to the Cichlidae family; Cichlids are classified in the large order Perciformes, which consists of three aqua-cultural important genera; Oreochromis niloticus, Sarotherodon and Tilapia, which they inhabit in the fresh and brackish waters.
Tilapias have been introduced in many countries around the world. It has originated since more than 4000 years ago in Egypt. The first culture of tilapia was conducted in Kenya in at 1924. Of the 70 species of tilapias, only nine are used in farming and of these, o n l y Nile tilapia (Oreochromis niloticus) is the main cultured species. These species is being farmed in about 85 countries worldwide (FAO, 2002) . It grows to a maximum length of 62 cm (average size is 20 cm), and weigh is 3.65 kg (at an estimated 9 years of age; Bwanika et al., 2004) . Sarotherodon galilaeus growth range was about 16-34 cm in length and a maximum published weight was 1.6 kg (Stiassny et al., 2007) . Meanwhile, Tilapia zillii grows up to 30 cm as a common length (max length is 40 cm) (Van Oijen, 1995) and maximum published weight was 300 g (Kapetsky & Petr, 1984) .
Growth hormone (GH) has many important physiological roles in the control of growth, metabolism and reproduction (Glass, 2003 (Glass, , 2005 Ma et al., 2007; Velloso, 2008; Wood et al., 2005) . It also called somatotropin (ST), which is synthesized and secreted by the somatotrope cells of the anterior pituitary gland (Agellon et al., 1988; Reinecke et al., 2005; Yowe & Epping, 1995) . In most species, GH consists of 191 amino acids and contains two disulphide bonds that maintain its three dimensional structure. The amino acid sequence of GH is similar to prolactin (PRL) and placental lactogen (PL). PRL, PL and GH have overlapping biological actions (Dänicke, 2006) .The GH gene in various fish species has been extensively studied for potential applications with the target to enhance the growth rate of these species in aquaculture (Pendón et al., 1994) .
The current study aimed to investigate the genetic aspects that contribute in controlling the growth trait through the sequencing of the GH gene among three Egyptian tilapias.
MATERIALS AND METHODS

Materials
Based on the most abundant tilapias in Borolus Lake, at Kafr El-Sheikh Governorate (Egypt), three tilapia species namely O. niloticus, S. galilaeus and T. zillii were collected in the current study. Methods Growth hormone gene sequencing DNA was extracted from ten samples for eact per species according to Lopera-Barrero et al. (2008) . Standard PCR reaction was performed using newly designed primers based on O. niloticus GH gene (GenBank accession M84774.1). Primers were designed to amplify the growth hormone gene in three sets of primer combinations to cover the CDS region including introns (Table 1) . PCR reaction for each amplified region was prepared in a 50 μl of 2x MyTaq Master Mix (Bioline, UK). PCR program was initiated with adenaturation step at 95 °C for 5 min, followed by 35 cycles including 94˚C for 45 sec, 60˚C for 1 min and 72˚C for 1 min, with a final extension at 72˚C for 5 min.To test the PCR success, its product were loaded on a 1.5 % agarose gel containing a 1 μl of ethidium bromide (EthBr) using tris boric EDTA buffer (TBE) as a running buffer (Peacock, & Dingman 1968) . Successful PCR products (three fragments /species) were cleaned and concentrated using Gene JET PCR Purification Kit as #K0701. Then cleaned fragments were sequenced by sequencing service (Macrogen, Netherlands). The obtained sequences of GH gene of the three tilapia species were deposited in the GenBank with the accession numbers; KT387598 for O. niloticus, KT387599 for S. galilaeus and KT387600 for T. zillii. http://www.ncbi.nlm.nih.gov/genbank/ Data analysis Trace files of three tilapias species were obtained from the fragment analysis service and sorted according to sample order. All trace files were imported on inserted into the GENEIOUS program ( V8.1) to automatically analyze the generated peaks and generate in the following sequence. Firstly, the three primers were designed for the GH gene, each one of them consist of forward and reverse sequences, which were collected pairwise alignment and the three fragments were collected from each primer. Secondly, a multiple alignment among them and BLAST search were done. After that, the sequence of the O. niloticus GH gene (M84774.1) from the Gene Bank was added as a reference for the three studied species. Then, the three studied species sequences were aligned with the reference sequence. Tow phylogenetic trees were made based on GH and their amino acids sequence. By using GENEIOUS program ( V8.1) software. Introns, exons, annotations and nucleotide polymorphisms were specified. Comparison between the studied species with the similar species in the reference of GenBank by using MEGA6 program the phylogenetic trees were constructed, and generated using neighbor joining (NJ) method and confirmed by both maximum likelihood (ML) and minimum evolution (ME) methods, while the trees were tested using boot strap test of phylogeny method (many times).
RESULTS AND DISCUSSION
Growth hormone (GH) gene has a vital role in controlling the growth performance in all organisms (Gross & Nilsson, 1995; Gross et al., 1996) . The evidence suggests that GH is the ancestral hormone in the molecular evolution of the GH/PRL/SL family and that the endocrine mechanism for growth stimulation was established at an early stage in the evolution of vertebrates (Moriyama et al., 2006) . Therefore, a comparative analysis study of the GH gene among the studied tilapias species (Oreochromis niloticus, Sarotherodon galilaeus and Tilapia zillii) would help to find the explanation for the differences in the adult fish size and weight of T. zillii compared to its relative's O. niloticus and S. galilaeus (Van Oijen, 1995) . For that reason, in the current study the growth hormone gene was isolated and analyzed (structure, features, transcription regulation…etc.) from the three tilapias species abundant in the Egyptian environment.
GH gene sequences Gene length polymorphism
The structure of GH gene in the three tilapias species was studied. The gene lengths were variable among the three studied species which ranged from 1,572 bp to 1,601bp. It was found that the GH gene is composed of six exons and five introns (Ber & Daniel, 1992) . All these exons were in the same length among the studied species. A comparison among the species intron lengths indicated that the first intron is the shortest one (84 -96 bp), while the second intron is the longest one (403 -436 bp). It was observed that all introns started with a GT dinucleotide and ended with an AG dinucleotide in accordance with the universal role (Wu, & Krainer, 1999) . As a result of the differences in intron lengths, the lengths of GH gene were differed among the studied species. Alignment of the three sequenced gene species showed a total length of 1,654 bp in which 1,572 were identical (88.1%), while the pairwise identity was 93.5%. Nile tilapia (O. niloticus) showed an exact match to the reference sequence (Ber & Daniel 1992) and showed the longest sequence which was 1,601 bp, followed by T. zillii and S. galilaeus which were 1,592 and 1,572 bp, respectively (Table 2) . 
Insertions and Deletions (Indels)
Concerning the insertions and the deletions (Indels) recording, 56 indel code (CAAAGTAAACCG = 12 bp), 269 indel code (TCAGACAGACAAGAGCTGACCAACAC-CTTCA = 31 bp) and 609 indel code (CTAACACTGG = 10 bp) were found to be unique in T. zillii. While 101 indel code (TGTC = 4 bp), 618 indel code (TGTTACCA = 8 bp) and 887 indel code (GTACCAGAGGTACTCTGCCCA = 21 bp) were found in both of O. niloticus and S. galilaeus but were deleted from T. zillii. 105 Indel code (TGTCTGTCTGTC = 12 bp) and 689 indel code (TTCTTTAATTCTACACA = 17 bp) were only found in O. niloticus and absent from the other two species (Table 3) . Table 3 : Codes, start nucleotide number (min), end nucleotide number (max), length (bp), sequence and presence among the studied species for the GH gene.
--
Substitutions
It was observed that, O. niloticus reference (M84774.1), O. niloticus and S. galilaeus sequences were identical, with one exception to S. galilaeus which was a single difference at 383 site where the reference sequence was AC which substituted with (>) AT sequence. While, T. zillii was totally different from the other species in nine substitutions (383AC> GT, 490AGA> GAG, 802TC> CT, 912AT> CA, 1086CT> AA, 1133TG> CT, 1162CT> GA, 1165TA> GG and 1168AG> GT) (Table 4 ). 
Nucleotide polymorphisms
Exon sequences showed 26 nucleotide polymorphisms (NPs). The first partial exon sequence was totally conserved among the compared species. The sixth exon sequence had the highest number (12) of nucleotide polymorphism (NPs). Nucleotide substitutions were seen in the form of 20 transitions (A-G; T-C) and six trans-versions (G-C; G-T) in the exon sequence of the GH gene.
The total number of NPs in the intron sequences were 37. In comparison, the second intron sequence had the highest number (22) of NPs. While only one of NP was in the third intron sequence. Most of these NPs were found in T. zillii species. Nucleotide substitutions were seen in the form of 20 transitions (A-G; T-C) and 17 trans-versions (T-A; G-C; G-T) in the intron sequences. The sequences, nucleotides polymorphism (NPs), substitutions, insertions and deletions (Indels) are shown in (Figs. 1, 2 and 3) . 
Amino acid polymorphisms
The length of individual exon was the same in all the tilapias species with an open reading frame (ORF) of 615 bp (204 amino acids codons +1 stop codon). The sequence started by the start codon of Methionine (M) according to the standard translation table and ended by the codon of Leucine (L). The most frequent amino acid was Leucine (91 time, 14.9%), followed by Serine (78 time, 12.7%), while the least frequent was Tryptophan (3 times, 0.5%) ( Table 5) .
The GH amino acid sequences of tilapias species exhibited homology in all amino acids expect four amino acids which were different [Isoleucine (I)> Threonine (T), Glycine (G)> Arginine (R), Leucine (L)> Lysine (K) and Leucine (L)> Valine (V)] in 78, 97, 132 and 133 sites, only of in T. zillii (Table 6 ). 
Majority of the detected mutations were located in intron sequences, which ultimately led to divergence in the length of the GH gene. Additionally, T. zillii species showed high variation in four amino acid sites against none between O. niloticus and S. galilaeus species. Based on this fact, this discrepancy might be the logical explanation for the growth delay in T. zillii species.
Phylogenetic and evolutionary relationship
By using MEGA6 program the phylogenetic trees for GH gen sequences were made and were generated using neighbor joining (NJ) and confirmed by both maximum likelihood (ML) method and minimum evolution (ME) methods for the three studied species along with approximate sequence obtained from GenBank database. Phylogenetic trees were performed based on both complete sequence (exons and introns) data and coding DNA sequence data (CDS: exons only).
Complete sequence
The evolutionary divergence among the three studied tilapias species based on the complete GH gene sequence was determined including the available GenBank accessions in which the complete GH gene is recorded. The largest genetic divergence was detected between T. zillii species and O. mossambicus Y11732 accession (0.57), followed by the divergence between T. zillii and O. niloticus species (0.51). While the smallest genetic divergence was detected between O. niloticus M97766 accession and O. mossambicus Y11732 accession as well as between O. niloticus species and O. mossambicus Y11732 accession (0.08), followed by S. galilaeus and O. niloticus species (0.09) ( Table 7) . The phylogenetic tree based on the complete GH gene sequence was generated as shown in (Fig. 2) . The tree shared one main cluster with a single outlier. The main cluster included O. niloticus species and O. niloticus (GenBank: M97766 accession) together which the bootstrap values of NJ, ML and ME method were 89, 88 and 86, respectively. O. mossambicus (GenBank: Y11732 accession) was located together with O. niloticus species in the same cluster, which the bootstrap values of NJ and ML methods were 100 and 99 respectively, while S. galilaeus species was paraphyletic (sub clade). On the other hand, the only single outlier was T. zillii species. 
Complete CDS
The evolutionary divergence among the three studied tilapias species based on the complete CDS was determined including the available GenBank accessions in which the complete coding DNA sequence is recorded. The largest genetic divergence was detected between T. zillii species and O. mossambicus Y11732 accession (0.49), followed by the divergence between T. zillii species and O. urolepis EF371465 accession (0.44 The phylogenetic tree based on complete CDS was generated as shown in (Fig. 3) . The tree was divided into two main clusters with a single outlier. The first cluster included O. niloticus species and O. niloticus (GenBank: M97766) accession together, which the bootstrap values of NJ, ML and ME methods were 57, 56 and 55, respectively. Oreochromis mossambicus (GenBank: AF033805) accession and O. urolepis (GenBank: EF371465) accession were located together with O. niloticus species in the same cluster, which the bootstrap values of NJ, ML and ME methods were 80, 75 and 69, respectively. While the second cluster included S. galilaeus and T. zillii species which the bootstrap values of NJ, ML and ME methods were 97, 96 and 90, respectively. On the other hand, T. zillii species was the only single outlier. Tilapia zillii taxonomically belongs to the genus Tilapia, while O. niloticus belong to genus Oreochromis and S. galilaeus belongs to genus Sarotherodon. Even though each of the three studied tilapias belongs to different genus, it appeared from our results that T. zillii species is far more distant to O. niloticus species than to S. galilaeus species. Schwarzer et al., (2009) constructed a phylogenetic tree for cichlid fishes in East African Cichlid using multi-locus DNA analysis and four mitochondrial genes. The phylogenetic tree separated the so called "Tilapia" in a paraphyletic assemblage, and established three new monophyletic groups; "Oreochromini", "Boreotilapiini" and "Austrotilapiini" they supported the high genetic distance between T. zillii species and the other studied fish species.
In conclusion, by studying the GH gene structure, T. zillii species was found to be clearly different from the other studied fish species (gene length, interspecies nucleotide polymorphism and variation in amino acid composition). Such assumption, moreover, was supported by the phylogenetic analysis based on the complete GH gene sequence, which showed a clear genetic divergence between T. zillii species and the other studied species. 
ARABIC SUMMARY
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